Purpose This paper evaluated the impact of cleft-related surgery on the oral health-related quality of life (OHRQoL) of youth with cleft over time. Methods Data were derived from a 5-year, multi-center, prospective, longitudinal study of 1196 youth with cleft lip and/or palate and their caregivers. Eligible youth were between 7.5 and 18.5 years old, spoke English or Spanish, and were non-syndromic. During each observational period, which included baseline, and 1-and 2-year postbaseline follow-up visits, youths and their caregivers completed the Child Oral Health Impact Profile, a validated measure of OHRQoL. Multilevel mixed-effects models were used to analyze the effects of receipt of craniofacial surgery on OHRQoL over time.
Introduction
Cleft lip and/or palate (CLP), one of the most common birth defects in the USA [1] , affects speech and language development, dental development, and facial appearance. Cleft habilitation involves care from a team of multidisciplinary specialists that starts in infancy and often lasts into young adulthood. Although the primary surgical interventions are usually completed during the first few years of life, a complex myriad of evaluations and interventions that address functional (e.g., tooth development and speech) and esthetic (e.g., facial appearance) issues often occur during the school-age years until the habilitation process is complete. Given the lengthy and complex nature of cleft treatment, CLP is considered a chronic condition that can affect quality of life (QoL) [2, 3] .
QoL refers to an individual's perceptions of his/her position in life in the context of culture and value systems in which they live, and in relation to their goals, expectations, standards, and concerns [4] . Health-and oral health-related quality of life are aspects of QoL that refer to the effect of (oral) disease/condition and its treatment on various facets of life (e.g., physical functioning, mental health, and social interaction) [5, 6] . QoL has been used in patientoriented research to evaluate treatment outcomes at the individual level [7] . Yet, little is known about the impact of cleft treatment over time on the QoL and oral health-related quality of life (OHRQoL) of youth with CLP. A core rationale for such procedures is to improve the well-being of those with cleft.
While many studies find children and adolescents with CLP appear to have good psychosocial functioning, resilience [8] [9] [10] , and overall self-concept [11] , evidence also suggests that individuals with CLP are at risk of lower OHRQoL and psychosocial well-being [7, 12] . Indeed, differences in QoL emerge when specific aspects of wellbeing are examined, such as personal and social self-concept [13] , academic achievement [14] , body image (particularly for girls) [15] , and depression [16] . Like many chronic conditions, vulnerable populations (e.g., lower SES, people of color) with CLP may have limited access to care and low oral healthcare utilization [17] . Health disparities have also been found as adolescents with cleft who are without health insurance, ethnic minorities, and those having unmet clinical needs (e.g., surgical recommendations) have lower OHRQoL than their privately insured, white counterparts without a surgical recommendation [18, 20] . This existing research, however, is often crosssectional, has small samples, fails to control for confounders, deals with different age groupings, and/or often lacks a conceptual framework [7, 11] . Further, these reports often focus on the negative psychological status and fail to incorporate positive aspects of psychosocial functioning and QoL.
While the effect of surgery on QoL has been examined for many chronic conditions, including scoliosis [20, 21] , obesity [22] , and congenital heart disease [23] , scant data exist on the effect of cleft surgery on QoL. Therefore, this paper examines QoL among youth with cleft, their caregivers' perceptions of the youths' OHRQoL, and the change in these groups over time for surgical and nonsurgical patients [24] [25] [26] [27] . Demographic characteristics, clinical variables (e.g., cleft diagnosis), and OHRQoL are included as part of our model. Further, environmental or contextual factors related to caregiver characteristics (e.g., payer, sociocultural factors, caregivers' education) are included in the model as they may influence youth OHRQoL (more information on the basis for this model can be found elsewhere [28] ).
The purpose of this study was to analyze the effects of surgery for cleft lip and/or palate on self-and caregiverrated OHRQoL among school-aged youth. Mixed-effects multilevel models were used to analyze OHRQoL as the outcome variable. Primary hypotheses included: (1) youth who anticipate a surgical intervention will have lower OHRQoL than those who do not and caregiver ratings of OHRQoL will be lower for those youth expected to undergo cleft surgery compared to youth who do not; (2) those who receive cleft surgery will have higher OHRQoL following receipt of surgery; and (3) total prior surgical procedures received will be negatively associated with OHRQoL.
Methods
Data for analysis were derived from a multi-center, prospective, longitudinal study of youth with cleft. Youths and their caregivers participating in this study were followed at one of six major cleft treatment centers in the USA: New York University Langone Medical Center, Children's Hospital of Philadelphia, Lancaster Cleft Palate Center, Children's Healthcare of Atlanta, University of Illinois-Chicago, and University of North Carolina-Chapel Hill. The study obtained and maintained IRB approval from the respective institutions throughout the study period. Caregiver consent and youth assent were accomplished as per IRB requirements in accordance with study protocol. The study was conducted from 2009 to 2015 with an enrollment rate across centers of 90 %. Participants included any youth having a cleft lip and palate or cleft palate only 7.5-18.5 years of age who spoke English or Spanish. Youth who were unable to read at a second grade level or had a diagnosis of an incomplete cleft lip without cleft of the alveolus, craniofacial syndrome, or other complex medical conditions were excluded from the study. Caregivers were likewise empaneled if able to speak either English or Spanish. Gift cards in the amount of $40 were provided to compensate for the participants' time and effort. Participants were assessed at baseline and observed over two or three subsequent follow-up visits. The average length of time observed in the study for participants was 414 days, and the length of time between follow-ups ranged from 6 months to 2 years. During the course of the study, some patients received a surgical intervention and some did not. Details of the study design, including study sample and surgical procedure descriptions, are available elsewhere [18, 29, 30] .
Measures
All participants in the study completed a brief demographic questionnaire including items capturing age, gender, cleft center, prior history of surgical intervention (used to create a count of number of prior surgeries), academic grade of the participating youth, ethnicity, and payer status (e.g., private insurance, Medicaid, etc.). In addition to demographic measures, participants were classified as having either a visible facial difference or a non-visible functional difference. The treating surgeon performed clinical evaluations in accordance with American Cleft Palate-Craniofacial Association standards [31] and then completed a clinical rating form indicating surgical recommendation and procedure, if any, to be performed within 1 year (Surgery Recommendation Group). Invisible (functional) surgery recommendations included those needing secondary palatal surgery, alveolar bone graft surgery, or fistula repair that largely addresses speech dysfunction. Visible recommendations included lip/nose revision or orthognathic surgery that addresses facial appearance; those with invisible and visible recommendations (both) are grouped with visible.
The outcomes in the present analysis were measured using the Child Oral Health Impact Profile (COHIP). The COHIP assesses self-reported (youth) and proxy-reported (caregiver) OHRQoL with five discrete domains and an overall score: Oral Health (specific oral symptoms; ten items; range of 0-40); Functional Well-being (ability to carry out specific everyday tasks; six items; range of 0-24); Emotional Well-being (peer interactions and mood states; eight items; range of 0-32); School (tasks associated with the school environment; four items; range of 0-16); and Self-esteem (positive feelings about self; six items; range of 0-136). The COHIP uses a 5-point Likert scale ('never' = 1, 'almost never' = 2, 'sometimes' = 3, 'fairly often' = 4, and 'almost all the time' = 5); higher scores indicate better QoL. This instrument has demonstrated excellent psychometric properties [32] .
Data and procedures
Summary scores for the COHIP were calculated by averaging individual item responses (for individual subscales and all items for the overall COHIP score) with adjustment for missing data following the established methods [32] . First, missing data were \2 %; participants with missing data on more than two-thirds of the items on a subscale were not included in the analysis. Second, at each observational period, participants with fewer than five total items missing had missing data imputed using the raw mean score of the specified within-visit sample scores.
Youth were classified as being \12 or C12 years old. Race/ethnicity was categorized as White, Hispanic, Black, Asian, and other. Payment type for surgical procedures was dichotomized as either private or non-private insurance. Type of cleft (cleft palate or cleft lip/palate) and invisible/ visible surgery recommendations were determined using clinical records. Any participant with both a visible and invisible surgical recommendation was classified as visible.
Receipt of surgery was included as a time-varying predictor. Participants received surgery for facial differences (for example, facial asymmetry or jaw discrepancies) in between observational periods throughout the duration of the study. All observations, including receipt of surgery, were temporally ordered in the dataset. Surgery was not included as a time point in longitudinal analyses, but was used to indicate when a participant transitioned from the non-surgical group to the surgery received group (timevarying surgery variable =0 before and =1 after surgery during the course of the study). Youth transitioned into the received surgery group if they received an actual surgery prior to the final observational period.
To explore possible temporal delays in change in OHRQoL outcomes associated with surgery, models included lagged predictors and multiple measures of time. First, a predictor for lag from first surgery received during the course of this study was calculated indicating the total time in days that had passed since the date of first recorded surgery. Second, a lag of one observational period was used to reflect delayed response to receipt of surgery. For example, if a study participant received surgery between baseline and the first follow-up observation, then the oneperiod lag would reflect surgery at the second follow-up. Finally, a variable for the amount of time occurring between observed measurement occasions was included (as this varied between participants). Each lag was used in separate models in the analysis.
Statistical analysis
Baseline descriptive statistics by visit were first calculated for cleft palate/cleft lip and palate status, surgical group (visible or invisible), payer type, gender, race/ethnicity, number of prior surgeries, and age group, as well as means and standard deviations for COHIP subscales and overall COHIP (outcomes). Descriptive statistics were further stratified by treatment group (surgery received/not received) for post-baseline visits.
Multilevel mixed-effects models (developed for youth and caregivers, respectively) were used to examine (Aim 1) the initial status (compare baseline OHRQoL) and rate of change in OHRQoL as a function of surgical status recommendation (recommended for surgery within 1 year versus not recommended for surgery within 1 year) as well as (Aim 2) receipt of actual surgery. These longitudinal models were used to account for the nesting of observations within participant and for participants within treatment center. As the sample size for the final wave of data collected was dramatically smaller than previous waves, we exclude these observations from the models. Intraclass correlation coefficients (ICCs) were calculated to estimate the proportion of variance explained at the participant level, and within-participant unconditional models were used to estimate the average change over time. Primary predictors of interest included receipt of surgery (treatment), time, and their interaction. Adjusted models included additional covariates for gender, race/ethnicity, CPO/ CLP status, age group, payer status, and prior surgical history. Random intercepts were included for participant and center. Following primary analyses, results were compared to models using lagged predictors for surgical receipt and observational period. Sensitivity analyses included incorporating alternative measures of time and randomly varying slopes for receipt of surgery. Statistical significance was determined at the p = 0.05 level; the analysis was conducted using SAS 9.4 [33] .
Results
There were 1196 participants in the study at baseline ( Table 2 ) at baseline were within expected levels as described in instrument validation reports [26, 32, 34] . There were 937 participants who presented at first follow-up. Between baseline and the first follow-up period, 258 participants (27.5 %) received a surgical intervention (Tables 3, 4) , which were for visible/invisible (54 %) as well as invisible (46 %) needs.
Of the 715 participants who presented at second followup, 259 (36.2 %) had received a surgical intervention, which were for visible/invisible (58 %) as well as invisible (42 %) needs.
During the course of this study, a total of 516 patients (43 %) received at least one surgery. Model results (Table 3) show that in the overall sample, youth self-ratings improved over time (visit) on the overall COHIP (b = 3.73, p \ 0.001). Youth who received a surgical recommendation at baseline (N = 402, 33.3 %) showed lower average overall COHIP scores (b = -2.18, p \ 0.05) as well as lower functional well-being, emotional well-being, and self-esteem scores (subscale scores not shown) when compared to youth who did not receive a surgical recommendation at baseline (N = 798, 66.7 %). Those youth who received surgery during the study period, as indicated by receipt of surgery, showed a significant incremental postsurgical improvement in the change over time of functional well-being, emotional well-being, selfesteem and overall COHIP (b = 1.04, p \ 0.05) scores (visit 9 surgery). Male participants had higher self-rated emotional wellbeing and overall COHIP scores than female participants. Compared to younger participants, youth 12 years of age and older had lower scores on emotional well-being, school, and overall COHIP. Youth with non-private insurance had lower scores on oral symptoms, functional and emotional well-being, school, and overall COHIP scores than those with private insurance. Participants with cleft palate only had higher scores on oral symptoms, emotional well-being, school, and overall COHIP than participants with cleft lip and palate. Compared to those with a visible or invisible ? visible surgical recommendation, youth with invisible surgical recommendations had higher scores on functional and emotional well-being, school, and overall COHIP. A negative relationship was found between number of prior surgeries and scores on oral symptoms, functional well-being, school, and overall COHIP.
Model results (Table 4) show that for the overall sample, caregiver ratings for the overall COHIP score (b = 1.91, p \ 0.05) improved over time (visit). Caregivers of youth who received a surgical recommendation at baseline showed lower average functional well-being, emotional well-being, school (subscale scores not shown), and lower average overall COHIP scores (b = -2.92, p \ 0.02) when compared to caregivers of youth who did not receive a surgical recommendation at baseline. Receipt of surgery was not found to be associated with a significant incremental improvement in the change over time in caregiver-rated OHRQoL scores (b = -0.63, p [ 0.05) (visit x surgery interaction). Participants with cleft palate only had higher caregiver-rated scores on emotional wellbeing and overall COHIP than their cleft lip and palate counterparts. A negative relationship was also found between number of prior surgeries and caregiver-rated scores on oral symptoms, functional and emotional wellbeing, school, and overall COHIP. Figure 1 shows trends in overall OHRQoL over time by group. At baseline and at the second follow-up visit, youth not receiving surgery had the highest reported OHRQoL, followed by non-surgical caregivers, surgical youth, and finally caregivers of youth who received surgery reporting the lowest COHIP scores. However, all groups reported an increase in OHRQoL over time. Surgical youth experienced the greatest increase in OHRQoL between baseline and the second follow-up visit.
A treatment lag of one observational period was unrelated to QoL outcomes, and the effect of receiving surgery did not change as a function of lag time between observations (results not shown). Alternate models specifying random effects for slope of receipt of surgery were comparable to those from mixed models.
Discussion
This paper examined the relationship between OHRQoL and receipt of surgery among school-aged youth with cleft using data from the largest multicenter, prospective, observational study on patient-reported outcomes. The results largely support the study hypotheses. Those youth with a surgical recommendation at baseline had lower selfand caregiver-rated OHRQoL than youth without a surgical recommendation at baseline. All youth in the sample had improvements on average in self-reported and caregiverreported OHRQoL during the course of the study. Youth with a surgical event had incrementally improved self-rated OHRQoL scores postsurgery (significant time x surgery interaction). However, this incremental postsurgery increase was not detected in the caregiver's ratings (no significant time 9 surgery interaction). It should be noted that those youth without a surgical recommendation within the year may have completed treatment prior to the study and/or additional surgery is expected to be scheduled at a later date (i.e., when facial growth is complete).
In other research conducted with a subsample of the present participants, MID (minimally important difference) estimates using an anchor-based approach indicated that the minimally important difference for the overall COHIP was 2.95 [35] . Framing the present finding in this manner suggests that the surgical candidates initially rated OHRQoL as lower than peers without a surgical recommendation and that the improvements over time were modest.
A novel result was that a higher number of previous surgeries were associated with lower self-and caregiver-rated OHRQoL scores. This finding may indicate that participants with a greater number of previous surgeries had more severe cleft-related defects and/or unrealistic expectations associated with surgery treatment. An alternative explanation could be that surgery may have a point of diminishing returns. While the timing of surgery and number of procedures may be important to individuals' OHRQoL, these results suggest that adjunct psychological counseling could provide support to patients and their families undergoing the stress and expectations associated with surgery [36, 37] .
Female participants had lower self-rated emotional wellbeing and overall COHIP scores than the male participants. This finding supports prior research related to gender differences in appearance and attractiveness norms [38, 39] . Girls often internalize these norms [40] , which place them at higher risk of appearance-related body image concerns associated with their facial difference [41] [42] [43] . Adolescent females with CLP may be particularly vulnerable to reduced QoL, and this negative self-report suggests that caregivers and clinicians should be vigilant regarding the well-being of these young females.
Participants with cleft palate only (an invisible facial difference) had higher self-and caregiver-rated OHRQoL than participants with cleft lip and palate (a visible facial difference). Since cleft lip and palate is a more severe and visible condition, it is important to identify risk and protective factors for OHRQoL and psychosocial well-being. With our cultural emphasis on appearance, exploring ways to foster resilience in this patient population is vital [10, 44, 45] .
These findings underscore that patient-reported outcomes, in this case the COHIP, have evaluative properties that are responsive to change and clearly capture a different perspective than ratings by surgeons regarding their patients' facial appearances and/or functional status. Despite the costs of care and associated expenses in time and effort, the results suggest a positive impact of surgical interventions on OHRQoL across age groups, ethnicities, and family payer status. Notably, those without private insurance had consistently lower scores on average than their privately insured counterparts. This finding supports a consistent issue in public health across chronic conditions and the general population whereby not having private insurance and being a racial/ethnic minority (i.e., Hispanic or Black) is associated with less positive health outcomes and barriers to care [46] [47] [48] .
While the findings contribute to the existing cleft literature, study results should be interpreted with care. Ultimate OHRQoL outcomes cannot be fully understood as half of the sample was 12 years old or younger and 27.8 % (N = 344) received an additional surgical recommendation at the most recent follow-up study evaluation. Of those 344 participants, 48 rejected their surgical recommendations. Our findings suggest that longer term follow-up of a cohort such as the present sample would reveal additional insights about quality of life, health utilization, and satisfaction with care. Relatedly, the enactment of the Affordable Care Act ensures that young adults can remain on their parents' insurance and continue to have their treatment covered until age 26. This change in coverage coupled with the recent reported dissatisfaction among young adults with cleft [49] might result in an increased demand for ongoing cleft care. Indeed, new evidence advises that young adults often seek additional care for a range of reasons (e.g., dental implants, hearing concerns, other perceived esthetic needs) as indicated by CLEFTLINE officials, a call-in service of the American Cleft Palate Educational Foundation [50] . Therefore, continuing to follow this cohort will be critical to ascertain the trajectory of OHRQoL until treatment is no longer sought and/or recommended.
Other study limitations include the possibility that the effects of surgery may be related to youth or caregiver perceptions of facial and speech differences, respectively. Further research should investigate the interrelationships among OHRQoL and patient/caregiver/professional ratings of extent of difference. Additionally, a majority of individuals receiving surgery either did not complete the study protocol or present for all follow-up visits, in part due to the additional interventions throughout the study period. As a result, participant attrition may bias results. The use of mixed models allowed the analysis to draw from all available data, though future studies incorporating multiple imputation for multilevel data may be useful. Furthermore, current analyses used tests of statistical significance, which may not capture the true effect of treatment on OHRQoL [51] . Additional reporting of the minimally important difference and clinically meaningful change will be undertaken but is beyond the scope of this paper [27, 35, 52] .
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Finally, since there was no control group in this study, incorporating population-based assessments like items from the National Survey on Children with Special Health and N-HANES queries as well as generic quality of life surveys would provide worthwhile comparisons [53] [54] [55] regarding employment, educational attainment, health care utilization, barriers to care and QoL that facilitate group comparisons and elucidate long-term treatment outcomes in this population. Currently, scant data exist on adults with cleft and only continued use of multicenter studies can provide vital data and increase generalizability regarding this population compared to normative and other patient groups. Empaneling a youth sample for long-term followup could afford a means of capturing distal outcomes.
In conclusion, the COHIP appears to be a sensitive outcome measure that suggests while those youth recommended for surgery initially have lower OHRQoL than youth without a surgical recommendation, having cleft-related surgery improves youth OHRQoL. Additionally, youth with a high number of previous surgical interventions are at risk of decreased OHRQoL. Caregiver proxy ratings appear to provide similar findings with the exception of incrementally improved OHRQoL following surgery.
